The objective of this study was to examine potential neural substrates that underlie the interplay between religiosity/spirituality (R/S) and risk-for-depression. A new wave of data from a longitudinal, 3 generation study of individuals at high risk for depression is presented. In addition to providing new longitudinal data, we extend previous findings by employing additional (surface-based) methods for examining cortical volume. Magnetic resonance imaging (MRI) scans were collected on 106 second and third generation family members at high or low risk for major depression defined by the presence or absence of depression in the first generation. R/S measures were collected at the same time as the MRI scans and comprised self-report ratings of personal importance and frequency of religious attendance. Analyses were carried out with Freesurfer. Interactive effects of R/S and risk-for-depression were examined on measures of cortical thickness and cortical surface area. A high degree of belief in the importance of R/S was associated with both a thicker cortex and a larger pial surface area in persons at high risk for familial depression. No significant association was found between cortical regions and religious attendance in either risk group. The results support previous findings of an association between R/S importance and cortical
thickness in individuals at high risk for depression, and extend the findings to include an association between R/S importance and greater pial surface area. Moreover, the findings suggest these cortical changes may confer protective benefits to R/S individuals at high risk for depression.
Keywords: depression, religion/spirituality, functional magnetic imaging (MRI), cortical thickness, pial surface Supplemental materials: http://dx.doi.org/10.1037/scp0000123.supp Religiosity and spirituality play a central role in the lives of many people. Despite several empirical studies on this topic, our understanding of the neural substrates of religiosity and spirituality remain little understood. The available evidence from the recent past seems to converge on the involvement of nearly every brain lobe in religiosity/spirituality (R/S) experiences (Beauregard, Courtemanche, & Paquette, 2009; Borg, Andree, Soderstrom, & Farde, 2003; Devinsky & Lai, 2008; Goodman, 2002; Krause, Emmons, & Ironson, 2015; Newberg, 2014; Pelletier-Baldelli et al., 2014) . Moreover, studies tend to be based on either healthy populations or clinical samples of ill people receiving treatment (Kapogiannis et al., 2009; Urgesi, Aglioti, Skrap, & Fabbro, 2010 ), but few have been conducted on populations at risk for developing an illness.
Research from our group has examined the neural underpinnings of R/S in families at risk for familial depression. These studies derive from 6 waves of data sampled over a 30-year span from three generations of families at risk for major depressive disorder (Weissman et al., 2016) . In brief, we have found belief in the high importance of R/S to be associated with biological markers of resilience in at-risk individuals, including thicker cortices (Miller et al., 2014) , greater electroencephalogram (EEG) ␣ (Tenke et al., 2013) , and decreased default mode network connectivity (Svob et al., 2016) . In the present study, we follow up on Miller et al.'s (2014) findings of an association between R/S importance and cortical thickness in high-risk individuals in a new wave of data (collected 8 years later) from the same longitudinal sample. In addition to cortical thickness, we also examine the association between R/S importance and pial surface area.
Pial surface area offers a complementary measure of cortical morphology that focuses on cortical surface area, rather than cortical thickness. With advances in magnetic resonance image (MRI) data processing, it is possible to separate cortical area and cortical thickness. By examining pial surface area, we will be able to provide a more complete picture of cortical morphometric differences in high-and low-risk individuals for depression and examine these associations in relation to R/S importance.
In previous studies, we found widespread reductions in cortical thickness in high-risk individuals (Peterson et al., 2009 ). Miller et al. (2014 reported greater cortical thickness in the same brain regions that showed cortical thinning in high-risk individuals that reported high R/S importance, suggesting that among those at clinical risk, the presence of R/S importance may serve as a resilience factor that helps to buffer the biological risks leading to clinical symptoms. In the present study, we expect to replicate Miller et al.'s findings of cortical thickness and extend them to include greater cortical surface areas in R/S at-risk individuals. We hypothesize that R/S will have an impact on the association between risk status and both measures of cortical volume: cortical thickness and cortical area. If these results hold up, they will support previous findings on cortical thickness and extend this work to include measures of cortical surface area, thus creating a more holistic picture of the brain morphology implicated in the potentially protective aspects of R/S importance in people at-risk for depression.
Method Participants
The sample included second-and thirdgeneration offspring from an ongoing longitudinal study on people at high risk for depression. The design of the multiwave three-generation study is described in detail in our earlier publi-cations (Weissman, Leckman, Merikangas, Gammon, & Prusoff, 1984; Weissman, Warner, Wickramaratne, Moreau, & Olfson, 1997; Weissman et al., 2006 Weissman et al., , 2016a Weissman et al., , 2016b . The original proband group (generation 1, G1) consisted of adult Caucasians receiving psychopharmacologic treatment for depression (high-risk) and a demographically matched nondepressed comparison group from the same community (low-risk). Subjects were eligible for the current study if they completed clinical assessments, religious question items, and MRI scanning at the 30-year follow-up (Wave 6). The final study cohort in this report constitutes 47 offspring (generation 2, G2) and 59 grandchildren (generation 3, G3) of the G1 probands. High-and low-risk status for depression in G2 and G3 family members was determined by depression diagnoses in G1s (see Table 1). Of the 106 eligible participants, 57 were G2 or G3 members of affected G1 probands, comprising the high-risk offspring group. The remaining 49 participants constituted the lowrisk offspring group. At the 30-year followup, all offspring underwent clinical assessments using the Schedule for Affective Disorders and Schizophrenia-Lifetime Version (SADS-L; Mannuzza, Fyer, Klein, & Endicott, 1986) , or the Kiddie-SADS (epidemiological version K-SADS-E) for those under the age of 17 years (Orvaschel, Puig-Antich, Chambers, Tabrizi, & Johnson, 1982) . Assessments were administered by experienced clinicians blind to familial status and subject's clinical status. The study was approved by The New York State Psychiatric Institute/ Columbia University Institutional Review Board. All study participants provided written informed consent.
Religion and Spirituality Measures
R/S importance was assessed with a single self-report item: How important to you is religion or spirituality? (1 ϭ not important at all, 2 ϭ slightly important, 3 ϭ moderately important, and 4 ϭ highly important). This singleitem measure has been shown to be highly reliable when compared with the widely used Fetzer Institute Multidimensional Measure of Religiousness (Desrosiers & Miller, 2007; Idler et al., 2003) . In the present cohort, 21 participants rated R/S as highly important, 40 as moderately important, 25 as slightly important, and 20 as not important at all. Based on our previous findings, out of three basic R/S measures, the degree of importance was most strongly associated with preventive effects against depression (Miller et al., 2014 depression (Miller et al., , 2012 . To be consistent with this literature for comparative purposes, the measure of R/S importance was treated as a binary variable and was dichotomized into high importance (ratings ϭ 4) and low importance (ratings Ͻ4).
We also collected self-report ratings on the frequency of attending religious services: How often, if at all, do you attend church, synagogue, or other religious or spiritual services? (1 ϭ once a week or more, 2 ϭ about once a month, 3 ϭ about once or twice a year, 4 ϭ less than once a year, and 5 ϭ never). The results of religious attendance were not statistically significant and are not reported. The self-report ratings were obtained at the same time as the MRI data.
MRI Acquisition
Anatomical scans were collected on a 3-Tesla GE Signa EXCITE scanner (General Electric, Milwaukee, WI) at the Department of Psychiatry, Columbia University. High-resolution T1-weighted MRI images were acquired axially using a three-dimensional fast spoiled gradientecho (3D-FSPGR) sequence with the following scanning parameters: TR ϭ 6.02 ms, TI ϭ 500 ms, TE ϭ 2.38 ms, flip angle ϭ 11°, matrix ϭ 256x256, slice thickness ϭ 1 mm, and number of slices ϭ 162 per volume.
Image Processing
Cortical surface reconstruction was performed using Freesurfer Software Suite (version 5.3, http://freesurfer.net/). A detailed description of the technical characteristic of Freesurfer is documented elsewhere (Fischl et al., 2004) . In brief, Freesurfer's automated processing stream included the removal of nonbrain tissue, intensity normalization, Talairach registration, segmentation of white matter, gray/ white matter boundary tessellation, and deformation of gray/white surface outward to locate gray/cerebrospinal fluid borders (pial surface). Output of cortical reconstruction for each participant was visually inspected for quality assurance. Inaccuracies were manually corrected when necessary. Each surface comprised approximately 160,000 vertices arranged in a mesh of triangles. Cortical thickness at each vertex was measured as the shortest distance between the pial surface and white matter surface, whereas the pial surface area was quantified as the aggregate area from each triangle. Next, reconstructed surfaces of each participant were aligned to the common reference brain. Surfaces were further smoothed by a Gaussian kernel with a full width at half maximum (FWHM) of 10 mm to increase the signal-tonoise ratio.
Statistical Analyses
Whole-brain vertex-wise analyses were carried out in the Query Design Estimate Contrast (QDEC) toolkit from Freesurfer (Hagler, Saygin, & Sereno, 2006) . Interactive effects of R/S importance and risk-for-depression on brain morphological measures (cortical thickness and pial surface area) were examined vertex by vertex using a linear least-squares regression model with age as a nuisance variable. Analyses were performed in each hemisphere separately. To control for multiple comparisons at vertex-wise threshold of 0.05, a Monte Carlo simulation with 10,000 iterations was implemented in determining a cluster-size threshold p Ͻ .05. Because of our prime interest in the R/S Importance ϫ Risk interaction, surface-based morphological measures were extracted from clusters surviving clusterwise correction for subsequent simple effects analysis. If R/S Importance ϫ Risk interaction effects were significant, simple effects were further examined in Stata (Version 14, StataCorp, College Station, TX).
Results
As hypothesized, greater cortical thickness was observed in people at high-risk for depression who also reported R/S to be of high importance. Cortical thickness was observed in the left superior frontal gyrus. Follow-up simple effect analyses within each risk group revealed a contrasting effect of R/S importance on familial risk (see Table 2 and Figure 1 ). That is, subjects in the low-risk group who reported high R/S importance had a thinner superior frontal cortex (F(1,101) ϭ 5.85, p ϭ .0174), whereas high ratings of R/S importance in the high-risk group were associated with a thicker cortex in the same region (F(1, 101) ϭ 4.24, p ϭ .0421).
We also found a significant interaction between R/S importance and risk for cortical surface areas in multiple regions (see Table 2 and Figures 2 and 3) . Further stratified analyses on the significant clusters demonstrated a consistent pattern of varying effects of R/S importance on pial surface area depending on familial risk status. High R/S importance was related to a smaller pial surface area in the low-risk group across the identified brain regions; this pattern was reversed in the high-risk group where larger pial surface areas were observed for individuals who reported high R/S importance (specifically, in the left isthmus cingulate , F(1, 101) There were also statistically significant effects observed for risk-for-depression on cortical thickness (p Ͻ .05, corrected): the high-risk group had a thinner cortex in the right superior frontal gyrus as compared with the low-risk group. Further, main effects of risk status were observed in pial surface areas (p Ͻ .05, corrected), with the high-risk group revealing larger surface areas in the left isthmus cingulate, right posterior cingulate cortex, and bilateral lateral occipital complex and superior frontal gyrus. Significant main effects of R/S importance were observed in the region of the left cuneus, rostral middle frontal gyrus, right entorhinal cortex, lateral orbito frontal cortex, and bilateral lateral occipital complex (see supplemental material Table 1 ). To test the potentially confounding effect of depression, we repeated the analyses with sex and lifetime depression as covariates in the model. This did not change the pattern of results in a meaningful way, suggesting that the neuropathology of depression is unlikely a confounding variable in our findings.
Discussion
Cortical thickness and surface area were measured in 106 subjects in which 57 subjects had a family history of depression. R/S importance, but not religious attendance, was associated with greater cortical volume, including cortical thickness and cortical surface area, respectively, in offspring at high familial risk. R/S Impor- tance ϫ Risk effects were present in regions spanning multiple lobes, as evidenced by an increase of cortical thickness and surface area uniquely in high-risk subjects who reported a high degree of R/S importance. These regionspecific effects remained stable even after controlling for past and present symptoms of depression. Hence, our study supports previous findings of cortical thickness (Miller et al., 2014) and extends them to include the additional dimension of cortical surface area.
Despite the similarities between the present study and Miller et al.'s (2014) , there were also notable differences. As already mentioned, both studies found that R/S importance was associated with cortical thickness and that this association varied significantly by familial risk status, with the association being stronger in the high-risk group as compared with the low-risk group. The specific areas of the brain that differed in cortical thickness, however, did not always coincide. That is, Miller et al. found cortical thickness particularly along the mesial wall of the left hemisphere. We also found these effects in the left hemisphere, but in the superior frontal gyrus. The discrepancy could be due to methodological differences between the two studies, including (a) nonoverlapping samples (Wave 5 vs. Wave 6), (b) different assessment waves (Miller et al. used R/S measures cumulated over multiple waves as opposed to a single R/S measure concurrent in time with the measures of cortical thickness that were used in the present study), (c) different MRI machines (1.5 vs. 3 Tesla), and (d) different analytical software. Although the specific regions with cortical thickness did not overlap between the two studies, the overall effect remained-R/S importance was associated with greater cortical thickness in people at high risk for depression.
It should also be emphasized that our study focused less on the sole effect of R/S importance and more on it interacting with familial predispositions for major depressive disorder. The current findings lend support to the hypothesized role of R/S importance interacting with risk at a neurological level. That is, the magnitude of associations between R/S importance and neuroanatomical features (cortical thickness, surface area) varied substantially with risk status for depression. Remarkably, all of the significant brain clusters exhibited the same pattern of interaction: R/S importance was characteristically associated with cortical thickening and enlargement in solely the high-risk group.
We chose to examine two quantitative neuroanatomical traits (i.e., cortical thickness and surface area) in our search for the neural correlates of R/S importance and risk. Our results were particularly pronounced with regard to surface area, relative to cortical thickness. This observation was unexpected. As previously mentioned, brain volume is a composite measure that depends on both thickness and surface area. We "decomposed" the cortical volume into two dimensions to thoroughly capture potential R/S importance and risk effects (cortical thickness along the vertical dimension and surface area along the horizontal dimension). Specifically, our vertex-wise analyses criss-crossed the entire cortical architecture three-dimensionally, examining cortical laminar and columnar organization in the form of thickness and area. It is important to note that a body of work has demonstrated that cortical thickness and area are two closely related, but distinct, properties of cortical organization (Bois et al., 2015; Chenn & Walsh, 2003; Ohta et al., 2016; Panizzon et al., 2009; Wallace et al., 2015) . These two topographical properties have been shown to be regulated by largely nonoverlapping ontogenetic and genetic determinants. That is, thickness formation is largely a consequence of the migration of precursor cells, whereas the expansion of cortical surface areas results from the proliferation of precursor cells once they reach their final destination (Chenn & Walsh, 2003) . Human twin studies have shown that thickness and surface area are both highly heritable, but the genetic correlation between them is markedly low, suggesting a differential genetic influence over them (Panizzon et al., 2009) . Moreover, studies involving children with autism spectrum disorder have revealed abnormalities in surface area, but precluded noticeable differences in cortical thickness (Ohta et al., 2016) . It has been recommended that cortical thickness and surface area, given their independent utility and complementary advantages, are equally crucial for identifying neuroanatomical phenotypes (Winkler et al., 2010) . Admittedly, the exact mechanisms by which R/S importance and risk interact with surface area more than cortical thickness remain obscure. The patterns herein, however, hint that associations between R/S importance, risk, and cortical structures may vary differentially with respect to the anatomical features under examination.
Our findings should be interpreted with caution in light of a number of limitations. First, our sample size was relatively small. Second, the impact of the R/S Importance ϫ Risk interaction, as we have observed, manifests in macrostructural brain alterations. A question remains as to how R/S importance and risk interact at the molecular level that eventually cascades into changes in cortical thickness and surface area. This is beyond the scope of the current study. Third, we cannot rule out the possibility that other unidentified factors may directly or indirectly contribute to our observed R/S importance and risk effects. For example, R/S importance may act as a surrogate for multiple environmental forces, such as parenting, family orientation, and peer support (Duriez, Soenens, Neyrinck, & Vansteenkiste, 2009; Sabatier, Mayer, Friedlmeier, Lubiewska, & Trommsdorff, 2011) . It is not yet clear whether a moderating influence can be attributed to R/S importance alone or whether a combination of other factors is implicated in the personal endorsement of R/S importance. Finally, given the fact that both of our main measures (MRI and self-report ratings of R/S importance) were obtained at the same time point (Wave 6), we are unable to make any causal claims regarding the association between R/S importance and cortical volume and are limited to reporting correlational findings.
To conclude, this study provides an account of the neural correlates of R/S importance and familial risk for depression. Cortical thickness and enlarged cortical surface areas were observed for subjects who reported high R/S importance in the high-risk group as opposed to the low-risk group. The significant interactions we observed between R/S importance and risk status constituted a replication of previous findings on cortical thickness (Miller et al., 2014) and extended them through the inclusion of pial surface areas. This data on cortical surface area provides a new potential biomarker of R/S importance and familial risk for depression. Moreover, religious attendance was not associated with any statistically significant effects (similar to Miller et al., 2014) , suggesting that R/S importance, and not religious attendance, may be implicated in protection against risk for depression at the neurological level. Our findings suggest the need to take R/S importance into account in future studies of imaging endophenotypes for depression.
